ABSTRACT We measured the mean capillary tuft area by a custom-built semi-automatic technique in postmortem sections from the kidneys of 16 patients with "blue and bloated" chronic bronchitis and emphysema and in seven patients of similar age who were free of respiratory and renal disease at death. Nine bronchitic patients had received domiciliary oxygen treatment while seven had not. The mean glomerular tuft area in these treated bronchitic patients (14 200 ,tm2) was not significantly different from that of the untreated patients (16 900 uMm2) but the tuft area in the bronchitic subjects was significantly larger than that of the non-bronchitic controls (12 100 ,um2, p < 0.02). There was no reduction in glomerular cellularity to suggest passive venous distension, and glomerular size was not correlated with clinical or pathological indices of cor pulmonale (including red cell mass). The arterial oxygen tension (Po2), however, was correlated with glomerular size (r = 0*68, p < 0.01) if allowance was made for the higher Po2 of the patients receiving oxygen. The percentage of glomeruli with an identifiable juxtaglomerular apparatus also increased with increasing glomerular size. These structural changes in the kidneys of patients with severe chronic bronchitis and ephysema may reflect changes in renal salt and water handling that are potentially reversible by oxygen treatment.
Episodes of peripheral oedema often complicate hypoxic chronic bronchitis and emphysema and several mechanisms have been postulated to explain them. ' Various pathological changes have been described in the kidneys of such patients, including glomerular enlargement, capillary tuft hypercellularity, and tubular changes such as enlargement and vacuolation.23 Similar pathological changes have also been observed in patients who are hypoxic from cyanotic congenital heart disease4 or are developing right heart failure owing to chronic rheumatic heart disease. 5 Glomerular enlargement in cor pulmonale was first observed by Ellis in 1961 but little attention has been paid to possible aetiological factors. The observation that total renal mass increases in patients with cor pulmonale has also been disputed by workers studying related cardiac problems.56 We have studied a relatively homogeneous group of patients who suffered from hypoxic cor pulmonale secondary to severe chronic bronchitis and emphysema, and have attempted to determine which renal lesions were specific to these patients and to identify any associated pathogenic factors.
Material and methods
We studied the postmortem kidneys of 16 patients who had suffered from chronic bronchitis and emphysema and compared them with kidneys from seven control subjects free from respiratory disease. The bronchitic patients had all been participants in the Medical Research Council (MRC) trial of long-term domiciliary oxygen treatment,7 nine of the patients having been treated with 2 litres of oxygen a minute for 15 hours a day for 10-(87 months before death (mhean 36 months). The remaining patients had similar medical treatment but did not receive domiciliary oxygen. All the bronchitic patients had at least one documented episode of cardiac failure with ankle oedema and severe irreversible airways obstruction, persistent arterial hypoxaemia with carbon dioxide retention, secondary polycythaemia, and mild pulmonary hypertension (table 1) . None suffered from fibrotic or infiltratative lung disease, systemic hypertension, proved coronary artery disease, or other life-threatening illness. At necropsy cor pulmonale was confirmed on the basis of right:left heart weight ratios.8 9 The non-bronchitic controls were selected retrospectively from the necropsy files of patients from 50 to 80 years of age who had recently died and who 607 '2 In three of the non-bronchitic control subjects data on surface area were not available and a figure of 1*73 m2 was assumed. In all the bronchitic subjects measurements of FEV, FVC, and arterial blood gas tensions during the breathing of air or oxygen were available from twomonthly clinic attendances.
The red cell mass (measured by injection of chromium-5 1-labelled autologous red cells) and pulmonary artery pressure and cardiac output measurements, made with the subjects supine and breathing air, were available from data obtained at entry to the MRC trial and annually thereafter. The bronchitic subjects were initially subdivided into those treated with domiciliary oxygen and those who acted as untreated controls; but subsequently the whole group was separated into those with normal glomerular size-that is, glomeruli lying within the upper 95% quartile of the non-bronchitic control sample (less than 14 600 gMm2) and those with abnormally large glomeruli that were outside these limits.
The percentage of glomeruli displaying visible juxtaglomerular cells was also measured in each subject. On each tissue section examined (x 125), a large number of glomeruli (mean 174 + 10) were assessed as having or not having visible juxtaglomerular cells. Glomeruli with visible juxtaglomerular apparatus (%) 13.3 ± 7*0 14-2 ± 7-0 20-9 ± 8-0
In all pathological measurements throughout the study the observer was unaware of the disease or treatment group to which the subject belonged at the time when the pathological measurements were made.
Results
Non-bronchitic control subjects had a mean glomerular size of 12 106 + 471 kLm2, which was significantly smaller than that of either group of bronchitics (mean glomerular size in oxygen-treated bronchitics 14 178 ± 1306 ,um2 and in untreated bronchitics 16 846 ± 1640 ,m2) (p < 0.02). There was no significant difference in glomerular size between the two groups of bronchitic patients and for this reason the two samples were pooled for subsequent analysis (fig 1) . Moreover, bronchitic subjects showed a greater variation in glomerular size than the non-bronchitic controls, some having a mean glomerular size that fell within normal limits and others having enlarged glomeruli (fig 1) .
The kidneys of the bronchitic patients with normal-sized glomeruli resembled those of the non-bronchitic controls in several ways. A similar percentage of the renal cortical area was occupied by glomeruli in both groups-6*8 + 1*9% and 6-7 + 1-1% respectively. The cellularity of the capillary tuft was also similar in the two groups (table 2). The mean total renal mass of 240 + 13 g/mm2 was, however, significantly less in the bronchitic patients than in the non-bronchitic group (table 2) . In contrast, the bronchitic subjects with abnormally large glomeruli had a total renal mass similar to that in the There was no relation between any of the physiological variables measured initially in the bronchitic patients and the size of their glomeruli, nor was any relation found between the severity of airways obstruction or the degree of carbon dioxide retention or of pulmonary hypertension during the last year of life and the size of the glomeruli. Moreover, the red cell mass measurements in the year before death did not correlate with glomerular size or with total renal mass. When allowance is made, however, for the fact that the oxygen-treated patient would have a higher daytime arterial oxygen tension on treatment than the untreated controls, and the values for arterial oxygen tension during the breathing of 2 litres of oxygen a minute are substituted for PaO2 values during the breathing of air, then a highly significant relationship emerges between decrease in arterial oxygen tension and increase in glomerular size (r = -0-68, p < 0-01; fig 2) .
Discussion
The development of cor pulmonale in a patient with chronic bronchitis and emphysema is associated with a poor prognosis,'3 which may be improved by long-term domiciliary oxygen treatment.7 1 ' In the past pathological attention in this condition has focused on the changes occurring within the pulmonary circulation;'5 but a renally mediated increase in total body sodium is thought to occur in most oedematous states,'6 although this has been disputed in the case of cor pulmonale. '7 We have confirmed Ellis's original observation that an increase in glomerular size may occur in cor pulmonale by studying a relatively homogenous group of patients who did not die in overt congestive heart failure. A continuum of glomerular size is seen between those with tuft areas within our normal range, whose glomeruli were indistinguishable from those of the control patients, and those patients with larger glomeruli, which were structurally different from normal.
Previous authors have speculated that this glomerular enlargement may reflect work hypertrophy within the kidneys secondary to carbon dioxide retention and increased hydrogen ion secretion2 or, alternatively, that it may be due to an increase in the red cell mass, producing an opening up of glomerular capillaries.3 We were able to compare the pathological findings in our patients with a large number of physiological variables measured in the year before the patient's death and we found no relation between either the arterial carbon dioxide tension or the red cell mass and the size of the glomeruli. There was, however, a significant relation between glomerular size and the day-time arterial oxygen tension. Nine of our patients received domiciliary oxygen treatment for at least six months before death and in this group there was no relation between the size of the glomeruli and the arterial .oxygen tension during' the breathing of air. Only when we substituted the oxygen tension while the patient was breathing 2 litres of oxygen a minutethat is, the oxygen tension during treatment for at least 15 hours a day-did a significant relation emerge, implying that domiciliary oxygen treatment probably reduces glomerular size.
Renal blood flow falls in patients with hypoxic chronic bronchitis and emphysema after exposure to 100% oxygen.'8 19 If, however, the arterial oxygen tension of the patients already hypoxic from chronic bronchitis and emphysema falls below 30 mm Hg (4 kPa) glomerular filtration rate falls and sodium retention occurs. '9 Levels of severe hypoxia such as these were found during sleep in several of the patients in the present study. 20 The relation between oxygen tension and glomerular size provides a pathological counterpart of that between renal blood flow and hypoxia and may represent compensatory hypertrophy in glomeruli repeatedly exposed to low oxygen tension and temporarily increased perfusion.
The juxtaglomerular apparatus was observed to undergo a disproportionate increase in size in relation to the glomerular enlargement seen in the bronchitic patients. Further work is required to determine whether this histopathological observation relates directly to abnormalities of either the polycythaemia or the fluid retention seen in these patients.
Campbell and colleagues have postulated that changes in the body tissue mass lead to a release of intracellular water and play an important part in the genesis of cor pulmonale."7 The structural changes we have observed in the glomeruli and juxtaglomerular apparatus in patients with cor pulmonale and the relation of the glomerular changes to the severity of hypoxaemia in life suggest that changes in the renal handling of sodium and water in response to changes in the arterial oxygen tension may be the principal abnormality leading to oedema in chronic bronchitis and emphysema.
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